Beta-2A globulin and the 7S and 19S gamma globulins are the major proteins of the serum derived from the immune system. Collectively they have been termed the immunoglobulins. The 19S gamma globulin, also known as the gamma-1 macroglobulin, the 82 macroglobulin or 82M, has been the subject of intensive study in recent years. The rheumatoid factor as well as a variety of antibodies fall into this protein group, and abnormally high levels are found in Waldenstroem's macroglobulinemia. Less is known about 82A globulin (gamma 1-A). It is like gamma globulin in that it has a sedimentation constant of 7S, but contains more carbohydrate (1) . Recent observations imply that it is the carrier of the reaginic activity of the serum (2) . All of immunoglobulins are easily detectable in normal adult serum by immunoelectrophoretic analysis. 82A and 82M are absent in cord serum, and in agammaglobulinemia all three immunoglobulins are absent or in greatly reduced concentrations. Other antibody deficiency states have been described in which only one or two immunoglobulins are in low concentration (3) (4) (5) (6) .
The present paper reports the levels of the immunoglobulins in cord serum and in the serum of infants, children, and adults as determined by a method based on a combination of immunoelectrophoretic analysis and the quantitative precipitin reaction (7) . The data reveal a variable rate of maturation of the synthetic mechanisms for these proteins that is not apparent from semi-quantitative estimates based on simple immunoelectrophoretic analysis of serum. Also reported are the serum levels of the immunoglobulins in various immunoglobulin and antibody deficiency states, including agammaglobulinemia, hypogammaglobulinemia, agammaglobulinemia with 82 macroglobulinemia, isolated P2A deficiency, various transient hypoimmunoglobulinemias, and the Aldrich syndrome.
The data bring out a number of points concerning interrelationships among the immunoglobulins. In all the deficiency states, the most frequently affected immunoglobulin is 82A. This protein was usually low or absent in conditions in which #2M
and gamma globulin were low. Beta-2A does not appear, however, to have antibody activity of clinical importance, since isolated P82A deficiency seen in a number of subjects is not associated with an antibody deficiency syndrome. Isolated P2m deficiency was not seen. In certain of the deficiency states the immunoglobulin patterns correspond closely to those that would obtain with arrest of development at various stages in the immunoglobin maturation sequence. An unexpected observation was an unusually high level of /2A in Aldrich's syndrome (8) , a hereditary disease characterized by absence of isohemagglutinins and predisposition to infection. EXPERIMENTAL 
METHODS
For studies of the maturation of the immunoglobulins, determinations of 82A and #2M were performed on 198 specimens of serum from 152 normal individuals. Of these, 42 specimens were from 29 adults who were laboratory workers and physicians and 58 specimens were from 25 normal infants under 4 months of age, most of whom were awaiting adoption in an infant home. The remainder were single specimens from older infants and children who were attending an outpatient clinic, participating in vaccine evaluation programs, or living in an orphans' home. The medical background of these children was evaluated before including the results in the study. Measurements were also done on 24 specimens of cord serum. The serum specimens were stored at -10'C 2054 until used. It has been found that storage at this temperature for over a year does not affect the determination of immunoglobulin levels.
In the investigation of immunoglobulin deficiency states, 30 patients were studied. Of these, ten had agammaglobulinemia, four had a transient, partial hypoimmunoglobulinemia, 13 had isolated 82A deficiency, and two had Aldrich's syndrome.
Method for determination of PIA and P*M globulins. The measurement of 82A and #2m globulins and the arbitrary units used to express their concentrations have been described in a previous publication (7) . Briefly, the method consists of determining the volume of serum that results in nearly complete consumption of the antibody present in a given volume of standardized antiserum. Immunoelectrophoretic analysis is used to detect residual antibody in the supernatant fluid. The units used in expressing concentration are arbitrary. Units for 82A and 82m are not related and, in the absence of a pure preparation of these proteins, factors for correcting them to milligrams are not as yet available. The antiserums used were produced in goats. Although it was stated previously (7) that with goat antiserum cross-reactions between P2A, j2M, and gamma globulins do not occur, further study has indicated this to be incorrect. In addition to specific determinant groups, there are also groupings on P2M (9) (10) (11) , and presumably also on f2A (1) , which are common to 7S gamma globulin. When goat antiserum directed only against 7S gamma globulin is added to serum, f2A and P2m as well as gamma globulin will precipitate (12) . In the quantification method as used in these studies, however, antibodies specific for all three immunoglobulins are present in the standardized antiserum. In this situation, the reaction of 7S antibody with fi2A does not appear to reduce the reaction of P2A with its specific antibody. Thus, f2A will consume the same amount of specific antibody whether or not anti-7S is present (7) . In the case of #2M, the presence of anti-7S appears to interfere to a small extent with its reaction with specific antibody.
The previous study (7) showed that the presence of antibody to 7S in the mixture produces a positive error of about 8 per cent in the determination of 82M.
Extension of the method. The range of the method was extended in the present study to measure more precisely serum specimens with low concentrations of f2A and f2M. In the original method (7) a maximum of 0.1 ml of serum could be added to 0.2 ml of the antisera, giving a maximum sensitivity with antiserum, as routinely standardized, of 2 U per ml. For the present study, the schedule of serum additions was extended for specimens containing low concentrations of 82A and f2m! by reducing the antiserum volume to 0.1 ml and adding a maximum of 0.2 ml of serum. In this way the sensitivity of the procedure was increased to 0.5 U per ml. Since the end-point depends on the detection of a very low but finite concentration of antibody in the supernatant, the twofold dilution of antiserum occasioned by this extended schedule could conceivably introduce an error. However, when levels of fi2A and #2m determined by the usual schedule were compared with those expected in the same serum appropriately diluted and determined by the extended schedule, the error was found to be negligible. Presumably, the concentration of antibody in the end-point supernatant fluid is so low that the twofold dilution of the antiserum has little effect on it as compared to the effect of the next increment of serum addition.
Method for determination of gamma globulin. Gamma globulin was determined in most cases by an adaptation of the method for 82A and P2M globulins. The antiserum used was standardized with a preparation of pure gamma globulin obtained by column chromatography. Details of the method as adapted for gamma globulin will be described in a later communication (13) . In a few cases, gamma globulin was determined by paper electrophoresis with the usual equipment for scanning. In view of the wide variation in levels of these proteins among individuals, it seemed interesting to determine the stability of the levels in a given individual. Therefore, a second specimen of serum was obtained from 15 of the normal adults 8 months after the first specimen. It was found that the levels are remarkably constant with time, especially in the case of P2A globulin. With this protein the levels differed less than 10 per cent in 13 of the 15 subjects, and in 9 subjects the agreement was within 4 per cent. In the case of f8211 globulin, the stability of the levels was not so great; only half the subjects had levels differing less than 10 per cent.
Levels of 32A and /2M in cord serum. Levels of /32A in twenty-four specimens of cord serum were found to be uniformly less than 0.5 U per ml. It is probable that /32A is completely absent from cord serum, since in previous studies (7), with a more sensitive method, no 82A could be demonstrated. In 15 (or 71 per cent) of the 21 specimens of cord serum analyzed for 82M1, the level was above 0.5 U per ml. The highest value was 1.75 U per ml. Thus the statement that levels of :2M in cord serum are one-tenth of the levels found in adult serum is approximately correct (14) ; in some serums, however, the level may be considerably less than this.
Levels of 2A and /2M in infancy and childhood.
In Figure 1 Iminunoglobulin levels in hypogammaglobulinemics. In Table I . ...
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::. (16, 17 The low levels of 82A globulin appeared to be permanent. Four patients, 15, 20, 24, and 26. could be followed for periods ranging from four to seventeen months, and in all the 82A level remained less than 0.5 U over the periods of observation.
Aldrich's syndrome. Two patients with Aldrich's syndrome were observed in the course of this study. Both had the typical multiplicity of symptoms and signs-thrombocytopenia, eczematoid dermatitis, otitis media, and increased susceptibility to infection. In both, the serum isoag- Table II . Striking elevation of the ,82A globulin level is seen in both patients with normal levels of f82M and gamma globulin.
DISCUSSION
If we assume that the rates of disappearance of B2A and f82M do not change with increasing age, the serum levels of these proteins provide indices of their rates of synthesis. In the fetus small quantities of 82m are often present, as judged from the results of cord blood determinations. That this originates in the fetus seems plausible from the large size of the molecule and the rapidity with which its synthesis starts postnatally, although transplacental passage cannot be excluded. On the second to fourth days of life the rate of syn-thesis of 82M increases, and continues at such a rate that adult levels can be attained at age 9 months. Adult levels are maintained on the average for about two years, then drop to about 70 per cent of the adult level during the fifth to ninth years. The reason for this peak with subsequent fall will have to await further studies. Beta-2A globulin is not made in the fetus, does not pass the placenta, and synthesis does not start until the third or fourth week of life. The rate of synthesis increases slowly and uninterruptedly so that, as with 82M, adult levels are probably achieved during adolescence. In comparison, gamma globulin passes through the placenta and synthesis of it in the infant does not start until the fourth to sixth week (21), a little after the first appearance of ,/2A. Adult levels of gamma globulin are achieved about the third year of life. These interrelationships of immunoglobulin synthesis are schematically shown in Figure 4 .
The early synthesis of 2M globulin and the late synthesis of gamma globulin would be expected from observations on antibody formation in newborn infants. Smith (22) (24) . The estimates of concentration made by these authors from the immunoelectrophoretic patterns did not distinguish the different rates at which these two proteins reach adult levels as delineated by the present study.
The patterns of immunoglobulin levels in various immunoglobulin deficiency states suggest that in certain of these disorders there has been an arrest of maturation of the synthetic mechanisms for these proteins. In a number of the congenital agammaglobulinemics (Table I) , ability to synthesize immunoglobulins was comparable to that of the fetus in that gamma and ,82A globulins were either not produced at all or produced in very low quantity, whereas perceptible synthesis of /82M1 Often did occur. Thus, the congenital agammaglobulinemic might be said to be in the fetal state as far as production of immunoglobulins is concerned. The concept of maturation arrest might be carried a little farther to compare production in agammaglobulinemics who have normal or elevated levels of /32M (Patient 9, Table I ) with immunoglobulin synthesis in the one-to four-week- Table I ) could also be considered to represent an arrest of maturation occurring at the one-or two-month level. At this age small amounts of 82A and gamma globulin are produced and somewhat greater amounts of 182M, corresponding approximately to the immunoglobulin pattern in this patient. There is no counterpart in the maturation sequence, however, for the individual with low levels of 2A as an isolated defect, nor for the patient with Aldrich syndrome with very high levels of 82A-Two transient types of partial hypoimmunoglobulinemia are described, the "slow starters" and the "reactive" types. Neither of the two "slow starters" included in the present paper had clinical courses comparable to those of transient hypogammaglobulinemics, nor were comparably low gamma globulin levels observed (16, 17) . In Patient 11 (Table I) , all the immunoglobulins were transiently at the low limit of normal, and symptoms were suggestive of inability to produce antibody. With the spontaneous increase in immunoglobulin levels, the symptoms disappeared. Patient 12 (Table I) (Table II) , who had the highest /2A level.
there was no otitis demonstrable and the eczema was minimal at the time the blood was obtained. The basis for the marked elevation of 82A globulin is, therefore, unexplained. It is perhaps correlated with the generalized, nonspecific hyperplasia of lymph nodes found in this disease (20) . It is interesting that levels of 8'2A in histiocytosis, a disease which clinically has many manifestations similar to those of Aldrich's syndrome, have been found to be normal (12) .
In comparing characteristics of the immunoglobulin patterns in the various antibody and immunoglobulin deficiency states, as shown in Table  III , it becomes apparent that, except in Aldrich's syndrome, a common characteristic is a reduction in /2A globulin. Thus, the /2A level was below the normal range in all patients with a-or hypogammaglobulinemia, and it was in the low normal range or below in the patients with transient hypoimmunoglobulinemia. In patients with the Giedion and Scheidegger defect (3, 4) one of the abnormalities in the immunoelectrophoretic pattern is absence of /82A globulin. Thus it would appear to be a rule that P2A levels will be depressed in patients with depressed levels of ,2M or gamma globulin. The single exception to this rule is a patient mentioned by Heremans (27) who had a gamma globulin synthesizing defect but had normal levels of /2A and 82M.
Although such a rule may have fairly general application, its converse, that a low 82A level is always accompanied by a defect in synthesis of one or both of the other two immunoglobulins, is obviously not correct. Patients 14 to 26 had an isolated 82A deficiency, but had no other immunoglobulin abnormality and had no symptoms or signs suggestive of an antibody deficiency state. Two of these patients with less than 0.5 U of 82A were highly allergic and had positive skin tests, a circumstance which must be reconciled with recent observations linking 82A with reaginic activity (2) . The fact that all of the individuals with low 12A had disease may be a function of the fact that they were found in the course of examining the immunoelectrophoretic patterns of a number of hospital patients. It is possible that screening an equal number of normal subjects would result in a similar incidence of P2A deficiency.
SUM MARY
Determination of the serum levels of 82A and ,82M globulins in infants, children, and adults indicates that the synthetic mechanisms for these immunoglobulins develop and mature at different times. Beta-2 macroglobulin synthesis may occur at a slow rate in the fetus. Within two to three days after birth, the rate of synthesis increases rapidly so that adult serum levels may be achieved at age 9 months. Levels are maintained in the adult range for about two years thereafter and then fal[ to aIn average value which is 70 per cent of the adult mean. Beta-2A globulin is probably absent from the serum of the fetus, and synthesis of it does not start until the fourth week of life. The rate of synthesis increases slowly and steadily so that, as with f2M, the average adult serum level is probably finally achieved at puberty.
In normal adults, serum levels of 82A vary over a wide range, but in a given individual they are remarkably constant. Levels of P2-r also show a wide range but are less constant.
The pattern of immunoglobulin production in the agammaglobulinemic is comparable to that in the fetus. A child with agammaglobulinemia but with normal levels of 82,, and a hypogammaglobulinemic child (serum gamma levels above 100 mg per cent) appeared to have immunoglobulin synthetic mechanisms comparable to those of a one-week-old and a four-or five-week-old infant, respectively.
Beta-2A deficiency as an isolated defect was observed in Unexplainable marked elevations of the serum levels of 2A were found in two patients with Aldrich's syndrome. In these patients the serum levels of 82m and gamma globulin were normal.
